A comparative study of alpha-adrenergic receptor mediated Ca(2+) signals and contraction in intact human and mouse vascular smooth muscle.
In many vascular smooth muscle cells, physiological and pharmacological agonists initiate oscillatory fluctuations in intracellular Ca(2+) to initiate and maintain vasoconstriction. These oscillations are supported by the underlying cellular ultrastructure, particularly the close apposition between the plasma membrane (PM) and superficial sarcoplasmic reticulum (SR), the so-called PM-SR junctions, which are important for SR Ca(2+) refilling. We hypothesize that the disappearance of PM-SR junctions during aging and/or disease is directly related to the disappearance of agonist-induced Ca(2+) oscillations. We compared phenylephrine-mediated Ca(2+) signals and contraction in human and murine smooth muscle cells in small mesenteric arteries and also employed electron microscopy to examine the cytoplasmic distribution of the SR. Phenylephrine elicited tonic contractions in both types of vessels, asynchronous Ca(2+) oscillations in the mouse mesenteric smooth muscle cells, but only single transient Ca(2+) signals in the human mesenteric smooth muscle cells. While nifedipine inhibited 90% of the phenylephrine-induced tonic contraction in mouse mesenteric arteries, it only slightly attenuated tonic contraction in human mesenteric arteries, although the nifedipine-resistant component was abolished by the Rho-kinase blocker 1-(5-Isoquinolinylsulfonyl)homopiperazine dihydrochloride (HA-1077). Furthermore, superficial SR was found to be abundant in the mouse vessels and many PM-SR junctions were observed, but the smooth muscle of human mesenteric arteries had far less peripheral SR and was almost devoid of PM-SR junctions. As PM-SR junctions are essential for the maintenance of Ca(2+) oscillations, the change in Ca(2+) signalling pattern in the relatively old human patients was due to impaired SR refilling.